INTRODUCTION
Topological superconductors (TSCs) with protected Majorana surface states have become a focus of interest due to their potential applications in the fault-tolerant topological quantum computation.
1 Topological classifications of gapped quantum many-body systems have sparked a revolution in condensed matter physics. Nontrivial topology in relation to superfluid helium 3 ( 3 He) was discussed by Volovik in 2003, 2 and topologically nontrivial superconductors were introduced approximately two decades ago in a two-dimensional (2D) model by Read and Green 3 as well as in a one-dimensional (1D) model by Kitaev. 4 A non-Abelian Majorana zero mode in the vortex core in the 2D case or at the edge in the 1D case was theoretically predicted in these works, long before the recent research boom in the field of topological phases of matter.
Majorana fermions, whose particles are their own antiparticles, were first introduced by Ettore Majorana in the context of elementary particle physics. 5 Unlike in particle physics, in condensed matter physics, if the creation operator γ + of a quasiparticle, which is a superposition of electron and hole excitations, is the same as the annihilation operator γ, then this type of a particle can be regarded as a Majorana fermion. In the Read-Green model, 3 the Bogoliubov quasiparticles (neutral excitations in superconductors) in the bulk can be identified as dispersive Majorana fermions, which can be bound to a defect at zero energy, and these combined objects are called Majorana bound states or Majorana zero modes (MZMs). 6, 7 MZMs localized at defects have been theoretically predicted to obey exotic exchange statistics, similar to non-Abelian anyons, which will change their quantum states if they are interchanged. This phenomenon is the most attractive property of MZMs. Exchanging the posi- * zhuan@zju.edu.cn tion of MZMs corresponds to a nontrivial transformation within the degenerate ground-state manifold and represents a noncommutative operation, which does not depend on the method or details of the execution. Such an operation is topologically protected and only depends on the exchange statistics of quasiparticles; thus, it can be used in quantum gates or topological quantum computing.
Unfortunately, little progress was made in realizing TSCs before the discovery of topological insulators (TIs). Intrinsic TSCs are rare because they require odd-parity pairing, and such pairing states usually require a particular combination of pairing interactions and electronic structure. A conceptual breakthrough in the context of TIs emerged from the seminal work of Fu and Kane. 8, 9 Their theory predicts that surface Dirac fermions of TIs may realize topological superconductivity when in proximity to an s-wave superconductor. 10, 11 Subsequently, Fu and Berg further propose a new mechanism for oddparity pairing facilitated by strong spin-orbit coupling (SOC) such that time-reversal-invariant TSCs can be realized with carrier-doped TIs such as Cu x Bi 2 Se 3 .
12 Theoretical proposals on the realization of MZMs in hybrid systems of s-wave superconductors deposited on the surface of a strong TI and related structures, 7,10,13 such as semiconducting nanowires, have motivated intense efforts to 'engineer' topological superconducting states through the simple building of components.
Strong TSCs have three characteristics: 11 (1) oddparity pairing symmetry with a full superconducting gap; (2) gapless surface states consisting of Majorana fermions; and (3) MZMs in the superconducting vortex cores. In addition, unconventional superconductors usually have nodal superconducting gaps. If the nodes themselves have topological properties, such unconventional superconductors can also be regarded as TSCs, and they are called weak TSCs. 14 Generally, TSCs can also be classified as time-reversalbreaking TSCs and time-reversal-invariant TSCs according to the presence or absence of internal symme-tries (such as time reversal symmetry and spin rotation symmetry), 15 respectively. Sr 2 RuO 4 is often regarded as a typical example of the former type. The existence of an internal magnetic field in the superconducting state that breaks the time reversal symmetry has been supported by nuclear magnetic resonance (NMR) measurements 16 and muon spin rotation (µSR) experiments. 17, 18 The other approach to achieving time-reversal-breaking TSCs is to fabricate semiconductor/superconductor heterostructures in which the MZMs are located at the ends of the semiconductor nanowire. 19 The latter type, as a new type of TCS, requires strong SOC to induce oddparity pairing. Cu x Bi 2 Se 3 is proposed as a promising candidate for this type. 12 Moreover, the proximity effect in TI/superconductor heterostructures will also induce time-reversal-invariant TCSs in which the MZMs could exist at the vortex cores. Usually, MZMs can be characterized by the zero-bias peak (ZBP) in the differential conductance obtained through scanning tunneling microscopy (STM) measurements. 20, 21 Other features of these TCSs, such as gapless surface states, can be detected by measuring nontrivial transport properties, for instance, a 4π-periodic Josephson supercurrent 22, 23 and helical edge states in the supercurrent.
24
A variety of routes can be followed to realize topological superconductivity, and many experimental reports about confirming MZMs have been presented. This review mainly focuses on the superconductivity induced in materials with nontrivial topology as well as the superconductivity arising through the proximity effect in 'hybrid systems', and the current situation of pristine TSCs is also briefly summarized. In section I, we will first introduce the TSC candidates among pristine superconductors, such as Sr 2 RuO 4 , UPt 3 , and iron-based superconductors with nontrivial topological features. In section II, the high pressure technique is introduced as a common method to realize superconductivity in topological materials, such as TIs, Dirac semimetals (DSMs), and Weyl semimetals (WSMs). However, performing further experiments to observe the pairing states and gapless surface states under pressure is quite difficult. In section III, the hard-tip point contact method, similar to the high pressure technique, provides a new platform to obtain superconductivity in topological materials. One advantage of this technique is that the Andreev reflection can be measured to detect MZMs. In section IV, superconductivity induced in topological materials by either doping or intercalation is summarized, which is certainly worth further investigating. In section V, artificial structures, such as nanowire/superconductor heterostructures and TI/superconductor heterostructures, are introduced, which are the most successful approaches to realizing TSCs, and very strong signatures of MZMs are presented. Moreover, an electric field gating technique is also introduced because it is widely used in the measurement of artificial structures. Finally, a summary and an outlook on this field are presented.
I. PRISTINE TOPOLOGICAL SUPERCONDUCTORS
To date, most superconductors are s-wave superconductors with spin-singlet pairing, and such conventional s-wave pristine superconductors are clearly nontopological because they exhibit a smooth crossover from the weak-coupling Bardeen-Cooper-Schrieffer (BCS) limit to the strong-coupling Bose-Einstein condensate (BEC) limit without undergoing a gap-closing phase transition. Namely, we should search for TSCs by studying superconductors with unconventional pairing symmetry. We know that the total spin (S) of a Cooper pair has two states:
25 the spin-singlet pairing state with S = 0 and the spin-triplet pairing state with S = 1. Therefore, odd parity of the wave function of a Cooper pair (S = 0) requires even parity of the orbital wave function (L = 0, 2, 4 ...), satisfying opposite parity of the total wave function. Moreover, L = 0 or 2 corresponds to s-wave or d-wave pairing, respectively. In spin-triplet states (S = 1), the orbital wave function should be odd parity [L = 1 (p-wave), 3 (f -wave), 5 ...].
In general, a majority of superconductors are known to exhibit spin-singlet pairing states, such as conventional superconductors, cuprate superconductors, 26 and ironbased superconductors.
27 Therefore, to search for TSCs, time-reversal-symmetry-breaking superconductors with spin-triplet pairing states have attracted tremendous attention, although they are quite rare. If pristine superconductors with unconventional pairing symmetry have nontrivial topology, they can be called 'intrinsic' TSCs. A relatively small number of candidates for spin-triplet superconductors exist. Several candidates, based on substantial evidence, may possess spin-triplet pairing, but none has been as firmly confirmed as superfluid 3 He. The promising candidates for spin-triplet pairing are Sr 2 RuO 4 and UPt 3 , although their superconducting transition temperature (T c ) is low. Other possible spin-triplet superconductors include ferromagnetic heavy fermion superconductors, such as UGe 2 and UCoGe, and noncentrosymmetric (lacking inversion symmetry) superconductors, such as Li 2 Pt 3 B. 28 The recently discovered K 2 Cr 3 As 3 family with a quasi-one-dimensional (quasi-1D) structure may also have an unconventional pairing state. 29 In the following subsections, we will present the updated progress in the Sr 2 RuO 4 , UPt 3 14 and iron-based superconductors. Regarding the K 2 Cr 3 As 3 family, little progress has been made in terms of their pairing states due to their extremely air-sensitive properties.
A. Sr2RuO4
Stimulated by the discovery of the high T c cuprate superconductors La 2−x Ba x CuO 4 , 30 the element substitution method has been widely employed for perovskitetype tetragonal crystal structures to search for new high T c superconductors, and a large family of high T c cuprate superconductors has emerged. Many attempts to replace copper with other 3d transition metals have been made, which finally led to the discovery of a new interesting superconductor, Sr 2 RuO 4 , with T c ≈ 1 K in 1994. 31 This new superconductor has several unusual properties, such as an impurity-sensitive T c , absence of a coherence peak in the NMR spectrum, and a linear specific heat at low temperature.
32
The density of states at the Fermi surface in normal metals can generate a paramagnetic susceptibility χ p , i.e., the Pauli susceptibility, and a magnetic field (B) can lower the free energy by
33 However, superconductors with spin-singlet pairing states would suppress paramagnetic susceptibility at absolute temperature because no electron exists at the Fermi surface and Cooper pairs form instead. Therefore, spin susceptibility disappears in the spin-singlet pairing states. However, the spin-triplet state allows paramagnetic susceptibility, and this characteristic can be employed as an experimental clue to spintriplet superconductivity. NMR is an effective method to measure the spin states of electrons. The Knight shift related to the spin susceptibility was reported to remain unchanged in Sr 2 RuO 4 when the temperature is below T c . 16 In addition, the time-reversal-symmetry-breaking superconductors exhibit an internal magnetic field below T c due to the spin-triplet pairing states, which has also been successfully detected by µSR experiments.
17
Another key experiment to support this spin-triplet state of Sr 2 RuO 4 is phase-sensitive measurements. 34 For such studies, a superconducting quantum interference device (SQUID) with a Josephson junction of Au 0.5 In 0.5 -Sr 2 RuO 4 located on the opposite sides of the Sr 2 RuO 4 crystal was designed and prepared. The critical current I c across the Josephson junctions will be minimized if no flux (Φ = 0) occurs in the SQUID according to the following formula: 34, 35 I c ∝ cos
where Φ 0 = h/2e is the flux quantum. A maximum value of I c is observed at Φ = 0 in a conventional SQUID, for example, when the two terminals of the Josephson junction are placed on the same side of the Sr 2 RuO 4 crystal. In contrast, the magnetic-field-dependent critical current shows a π phase shift in the opposite case, indicating oddparity pairing symmetry in Sr 2 RuO 4 . However, because of the existence of chiral domain structures in Sr 2 RuO 4 , the above experiments are hard to reproduce, and a direct observation of chiral domains is lacking. 28, 36 Subsequently, this π phase shift of a similar Josephson junction was also observed by another group. 37 Chiral order parameter domains of the form p x ± ip y were found in these studies, which is direct evidence for complex p-wave pairing symmetry.
37
The proposed pairing symmetry in Sr 2 RuO 4 is similar to the A-phase of superfluid 3 He. 32 Half-quantum fluxoids have been predicted and should be accompanied by MZMs in the vortices. 3 As expected, half-height magnetization steps have been successfully observed in annular Sr 2 RuO 4 samples, suggesting the existence of halfquantum fluxoids, 38 which can give rise to MZMs.
3,39
Moreover, the differential conductance spectrum shows a broad hump, revealing another important characteristic of supercurrents spontaneously generated at edges.
40
The evidence of spin-triplet pairing states in Sr 2 RuO 4 seems to be very strong, but open questions still remain. First, the evidence of a superconducting gap in Sr 2 RuO 4 is inconclusive, although a gap node has been evidenced by measurements of the specific heat, thermal conductivity, and 1/T 1 as well as by the temperature dependence of the penetration depth. 28, 32, 41 A recent NMR study on Sr 2 RuO 4 found a substantially suppressed spin susceptibility, which could cause considerable controversy over its superconducting order paramenter 42 . According to a theoretical work, topological edge states may exist in nodal gap superconductors, but the edge state is weaker than that in fully gapped systems. 43 In addition, the SOC is not very strong in Sr 2 RuO 4 , which causes the topological chiral surface state to not be separated and formed by ordinary fermions instead of chiral Majorana edge states.
14 Therefore, the mixed surface states increase the difficulty of detecting MZMs and gapless surface states, and applying a high magnetic field may be helpful for detecting the Majorana edge states. 44 More discussions on Sr 2 RuO 4 can be found in recent studies.
14,28,36
B. UPt3
UPt 3 , a heavy fermion superconductor, is also known to be a strong candidate for spin-triplet superconductors.
14,36,45 UPt 3 has a MgCd 3 -type hexagonal structure with the space group P 6 3 /mmc. The large specific heat coefficient (γ) and Fermi liquid behavior of the resistivity at low temperature illustrate its strong electron-electron interaction as well as its heavy fermion features. 45 These heavy fermion characteristics can be verified by measuring the de Haas-van Alphen effect as well as the effective masses of different bands, ranging from approximately 15 m e to 90 m e . Thermodynamic measurements also support Fermi liquid states in UPt 3 . When the temperature is below 5 K, a weak antiferromagnetic order transition emerges along with intraplane antiferromagnetic coupling and interplane ferromagnetic coupling.
Superconductivity is observed at quite low temperatures, with T c = 0.53 K, and three different superconducting phases appear, named phase A (0.48 K < T < 0.53 K, low-B), phase B (T < 0.48 K, low-B) and phase C (T < 0.48 K, high-B). The specific heat of UPt 3 also shows a second transition at T ∼ 0.48 K, and the existence of multicomponent phase diagrams can be verified by critical magnetic field measurements and other experiments. 45 The internal magnetic field in phase B has been verified by µSR measurements, 18 similar to the case of Sr 2 RuO 4 .
17 Moreover, the polar Kerr effect re-flects time reversal symmetry breaking in phase B. 46 Although the pairing symmetry is still under debate, spin triplet f -wave superconductivity is believed to occur in phase B. 14, 36, [45] [46] [47] [48] In addition, nodes in the superconducting gap are presented in all three phases, 45 which is supposed to be unfavorable for TSCs.
11 Angular-resolved Josephson tunneling junctions experiments can probe the existence of nodes by measuring the angular dependence of the gap, and fourfold symmetry of the gap structure has been observed for the high temperature phase, which is quite different from the results for the hexagonal crystal structure. 49 The low temperature phase seems to exhibit different superconducting gaps, thus indicating a complex order parameter in UPt 3 .
Theoretical work has predicted the existence of two dispersive MZMs due to the mirror chiral symmetry 50 in this nodal superconductor.
This material provides another possibility for realizing TSCs with nodal superconductors. 51 However, because of the radioactive element uranium in UPt 3 , performing experiments to detect the gapless surface states and MZMs in the superconducting vortex is difficult.
C. Iron-based superconductors
Iron-based superconductors have drawn extensive attention over the past ten years 52 because of its high T c , nematic phase, orbital ordering phase, abundant antiferromagnetic phases, etc. The rich phases may be related to the multiorbital physics. Therefore, intrinsic hybridization of various bands could exist in these systems and contribute to band inversions 53,54 similar to in TIs, which appeals to theorists, and nontrivial topological states in some iron-based superconductors have been proposed.
53
Monolayer FeSe film grown on a STO substrate possesses a very high superconducting transition temperature, with T c ∼ 77 K. 55 Intriguingly, angle-resolved photoemission spectroscopy (ARPES) measurements revealed 1D topological edge states at the M point in an FeSe/STO sample, where the gap forms because of band inversion caused by SOC. 54, 56 This interesting work provides an exciting opportunity to investigate the coexistence of superconductivity and topological states in ironbased superconductors. In addition, when the element Se is gradually substituted by the element Te in monolayer FeTe 1−x Se x /STO, a nontrivial topological band can be detected at the Γ point by ARPES. 57 The conduction band and valence band at the Γ point will touch at 33% Se concentration, as predicted by theoretical calculations on single layer FeTe 1−x Se x , 58 which suggests a nontrivial band topology of monolayer FeTe 1−x Se x /STO. In addition, Dirac-cone-type spin-helical surface states have been observed in FeTe 0.55 Se 0.45 through high-resolution spin-resolved photoemission spectroscopy and ARPES. Sharp ZBPs inside the vortex have also been successfully detected and are regarded as evidence of Majorana bound states. 59 However, in the vortex, s-wave-like quasiparticle excitations near the zero energy have also been observed in an FeTe 0. 55 
63,64
Subsequently, a ZBP was clearly observed in tunneling spectroscopy results, 65 which is consistent with MZMs. The Dirac-cone-type surface state was also confirmed by ARPES. An early theoretical work proposed that Carolide Gennes-Matricon (CdGM) bound states are generated in the vortex with separation energy E = µ∆ 2 /F F , where E F is the Fermi energy, and µ = ±1/2, ±3/2 ... in an swave superconductor. 66 The discrete energy of the bound states in a chiral p-wave superconductor will change with µ = 0, ±1, ±3 ..., and the µ = 0 state is the MZM.
67
The pairing symmetry in this system is proposed to be a bonding-antibonding s-wave state or a nodeless d-wave state, 68, 69 and Majorana edge states have not been observed thus far. More experimental evidence is desired to confirm the topological superconductivity.
In addition to the aforementioned superconductors, several other iron-based superconductors have also been proposed to be promising TSCs. Multiple topological phases have been observed in the 111 series Li(Fe,Co)As samples by ARPES.
70 CaFeAs 2 is likewise predicted to be an ideal TSC system, whose structure includes CaAs and FeAs layers. The CaAs layer is a topological quantum spin Hall layer and the FeAs layer is a superconducting layer; thus, this compound is also a promising system for detecting MZMs.
71 Therefore, iron-based superconductors may offer a potential platform to discover TSCs, 53 which may open a new direction to study ironbased superconductors.
D. Cr-based superconductors
The recently discovered Cr 3 As 3 -based quasi-1D superconductors have attracted wide attention due to their unconventional properties. Much experimental evidence for possible spin-triplet pairing states exists.
29 K 2 Cr 3 As 3 was the first synthesized member, with T c = 6.1 K, 72 and then, Rb 2 Cr 3 As 3 (T c = 4.8 K) 73 and Cs 2 Cr 3 As 3 (T c = 2.2 K) 74 were discovered. Recently, Na 2 Cr 3 As 3 , with T c ∼ 8.6 K, was also successfully synthesized by an ion-exchange synthesis method.
75 T c appears to decrease with increasing radius of the A ions in the A 2 Cr 3 As 3 series (A = Na, K, Rb, Cs).
The upper critical field of K 2 Cr 3 As 3 can reach 37 T at 0.6 K, 76,77 significantly exceeding the Pauli limit H c2 = 1.84 T c , indicating an unconventional pairing state.
33
Moreover, Cr-spin ferromagnetic fluctuations, as measured by NMR, emerge above T c , 78, 79 and a µSR study showed that a weak spontaneous internal magnetic field is detected below T c , 80 both of which suggest potential spin-triplet pairing states in these Cr-based superconductors. Other experiments, such as penetration depth measurements, suggest gap nodes in the superconducting gap function. 29, 81 Because of the air-sensitive feature of the Cr-based samples, performing further measurements to investigate their topological nature is very difficult.
II. PRESSURE INDUCED SUPERCONDUCTIVITY
The application of high pressure, as a clean and effective method to tune the lattice and electronic structures without inducing disorder, is usually employed to investigate phase transitions and synthesize certain compounds. 82 Especially in the study of superconductors, employing high pressure has been proven to be useful. 83 The highest recorded T c was realized in hydrogen-containing materials by applying high pressure. 84, 85 Therefore, high pressure has also been widely used to explore superconductivity in topological materials. 82 Although superconductivity has been induced by high pressure in all types of topological materials, including topological (crystalline) insulators, DSMs, and WSMs, much work remains before either TSCs or MZMs can be observed with this method. Probing pairing states and gapless surface states under high pressure condition is difficult. However, exploration of topological superconductivity in topological materials using the high pressure technique is worthy of continuous endeavors. 91 Based on the studies of TIs, tuning TIs such that they exhibit superconductivity by applying high pressure has become an attractive option and has been performed by many groups to discover possible TSCs.
Bi 2 Te 3 has been identified as a TI based on ARPES 88 and displays a superconducting transition of approximately 3 K under 4 GPa. 92, 93 T c increases at approximately 8 GPa, accompanied by a structural transition from the ambient-pressure phase (a rhombohedral R3m structure) to the high-pressure phase (a monoclinic C2/m structure). [92] [93] [94] According to density functional theory (DFT) calculations, the topologically nontrivial band structure and surface states still exist at 4 GPa, 92 which may induce Majorana fermions in the surface states due to the proximity effect of the bulk superconducting states. A more intriguing TI compound, Bi 2 Se 3 , could become superconducting not only through charge doping 110, 111 but also through high pressure application. 95 When pressure is applied up to 11 GPa, a superconducting transition is successfully observed, accompanied by a structural transition from the R-3m phase to the C2/m phase, sim-TABLE I. Summary of high-pressure-induced superconductivity in topological materials. Superconductivity usually appears along with a structural transition under pressure. In the Tc column, the pressure under which superconductivity begins to emerge is listed in brackets. In the Phase II and Phase III columns, the pressure at which the structural transition begins is also listed in brackets. (In this table, TI, DSM, WSM, TSM and TPSM represent topological 
92 T c can reach a maximum of 7 K below 50 GPa when a body-centered cubic structure, similar to the C2/m structure, appears at 28 GPa. 94, 112 The quasilinear temperature-dependent H c2 exceeds both the orbital and Pauli limits, which indicates an unconventional pairing state in Bi 2 Se 3 under pressure.
95 Sb 2 Te 3 is another member of this TI family, and it becomes superconducting at 3 K when the applied pressure is increased up to 4 GPa. 96 The C2/m structure seems to be more stable above 12.9 GPa in Sb 2 Te 3 .
97 According to DFT calculations using an experimental lattice at high pressure, the Dirac surface states remain at 6.9 GPa in coexistence with superconductivity, which strongly suggests that this material is a promising TSC candidate.
Another TI material family, BiTeX (X = Cl, Br, and I), consists of inversion-asymmetric TIs, which are usually called Rashba semiconductors because of the giant Rashba-type spin splitting. 113, 114 Robust Dirac surface states and large Rashba splitting have been revealed by ARPES.
114,115 A maximum T c of 5.2 K is reached at 23.5 GPa in BiTeI after two structural transitions. 98 Interestingly, a nontrivial topology of the band structure is also obtained in the high pressure phase according to DFT calculations. In addition, similar pressure-induced superconducting phases have also been detected in BiTeBr 98 and BiTeCl. 99 Thus, members of the BiTeX family may be promising TSCs under pressure.
The properties of TIs under pressure are summarized in Table. I. Fig.1(a) 
127,128
Similar to TIs, DSMs and WSMs are also good platforms for exploring TSCs, and superconductivity can be induced by tuning the carrier density using pressure or doping. As expected, pressure-induced superconductivity is detected at 2 K in Cd 3 As 2 , a typical DSM, under 8.5 GPa. 100 The superconductivity is quite robust and survives up to 50.9 GPa, with a maximal T c of 4.0 K under 21.3 GPa. Before the emergence of superconductivity in Cd 3 As 2 , the tetragonal I4 1 /acd structure changes to a monoclinic P 2 1 /c phase at approximately 3.5 GPa. Superconductivity was observed at approximately 6 GPa in another DSM, ZrTe 5 , where a structural transition from the ambient Cmcm phase to the monoclinic C2/m phase occurs.
101 When the triclinic P -1 phase becomes stable at higher pressures above 21.2 GPa, a maximum T c of ∼ 6.0 K is obtained under 30 GPa. However, this structural transition, as supported by high-pressure X-ray diffraction measurements, may lead to the breakdown of the 3D DSM state in Cd 3 As 2 129 and ZrTe 5 . 101 The effect of such a structural transition on topological properties is still ambiguous. Some theoretical works suggest that this symmetry breaking during the structural transition may be favorable for the formation of a topological superconducting phase with surface Majorana fermions in Cd 3 As 2 .
130 HfTe 5 is an compound analogous to ZrTe 5 in which two structural transitions occur, with one superconducting phase at 5 GPa.
102 First-principles calculations of these two high pressure phases showed the trivial properties in HfTe 5 under pressure.
The search for TSCs and Majorana fermions in WSMs is also underway 131 through application of high pressure or the proximity effect between an s-wave superconductor and the surface states of a WSM.
132 When NbAs is subjected to pressure, no superconductivity exists up to 26 GPa while the ambient-pressure structure is retained.
133
However, if a higher pressure is applied to TaP, a superconducting transition is observed above 70 GPa, accompanied by a structural transition from I4 1 md to P6m2. 103 Interestingly, superconductivity becomes more robust and even remains at 2 GPa in pressurized TaP during the pressure decreasing process. DFT calculations indicate that a new WSM state appears in the P6m2 phase, different from the ambient phase. This concurrence of superconductivity and the WSM state may result in a TSC for this WSM.
Type 138 Exploring TSCs among type-II WSMs is also attractive because they are more common than type-I WSMs. In the type-II WSM WTe 2 , an extremely large magnetoresistance (XMR) was reported due to its electron-hole compensation. 139 With increasing pressure, superconductivity is induced by suppression of XMR in WTe 2 , 106,107 as shown in Fig.1(b) . The sign of the Hall coefficients changes without a structural transition when superconductivity emerges in the vicinity of 10.5 GPa. Thus, reasonably, the mismatch between the electron and hole carrier densities at high pressure could contribute to the suppression of XMR. 106 The explanation of the occurrence of superconductivity in WTe 2 under pressure is related to the increase of the density of states.
107 Another type-II WSM, MoTe 2 , shows a superconducting transition at 0.1 K even under ambient pressure.
104 After a structural transition at 240 K from the T phase to the T d phase, WSM states could be observed, as expected, in the T d phase by ARPES. 140, 141 In addition, a high pressure will increase T c to a maximum value of 8.2 K, and the structural transition temperature will decrease with increasing pressure. The high-pressure-induced superconductivity in these topological materials is seemingly accompanied by crystal structure symmetry breaking, as seen in Fig.1(b) 147 In addition, as a semimetal with triply degenerate nodal points, 143 MoP exhibits superconductivity when subjected to pressure above 30 GPa, while no structural transition occurs up to 60 GPa.
108 DFT calculations with SOC uncovered the coexistence of Weyl points and triply degenerate nodal points under high pressure. In these systems, topological properties and superconductivity coexist under pressure, which may be a new platform to explore TSC candidates.
III. TIP-INDUCED SUPERCONDUCTORS
Tip-induced superconductivity in topological semimetals has been recently observed in hard point contact experiments. 148 Usually, hard point contact measurement is a useful method to study the gap structure of superconductors. This technique has become a new method for tuning nonsuperconducting materials into superconducting states, similar to other modulation methods, such as electric field gating, high pressure application, and chemical doping. Obviously, this technique has the advantage that the point contact spectroscopy (PCS) can be simultaneously measured when the sample is tuned. Thus, hard point contact measurement of topological semimetals offers a new way to trigger and detect topological superconductivity.
When the hard tip method is implemented on the DSM Cd 3 As 2 , the resistance begins to drop at 3.9 K, suggesting a superconducting transition. 149 Another group reported a similar experiment in which Cd 3 As 2 shows T c 150 This difference in T c may originate from the pressure applied by the hard tip, and the actual pressure on the sample is difficult to measure in such experiments. Charge transfer may also exist between the tip and the sample, which would lead to the charge doping effect, similar to the chemical doping case. When a magnetic field is employed perpendicular to the plane on which the pressure is applied, the magnetic-field-dependent T c shows a concave curvature in the low magnetic field regime, indicating unconventional superconductivity.
150
In the PCS results of the above two reports, superconducting gaps are successfully observed with ZBPs at zero energy. The ZBP behaviors at various temperatures and magnetic fields suggest the existence of MZMs in Cd 3 As 2 . A tip-induced superconducting transition, with T c = 5.9 K, and ZBPs have also been observed in the WSM TaAs. 148 However, further theoretical and experimental studies are highly desired to understand the exact mechanisms that occur in the tip contact region and how to precisely analyze PCS results.
IV. DOPED TOPOLOGICAL MATERIALS
Chemical doping, including doping and intercalation, is widely used to induce superconductivity in electron correlation systems and to study interesting physics-like phase transitions by modulating the carrier density density/Fermi level or introducing chemical pressure. For example, superconductivity was realized in fluorine-doped LaOFeAs through electron doping, thus beginning the era of iron-based superconductors. 151 Chemical pressure can also be induced by doping with elements with smaller radii, such as P-for-As doping in BaFe 2 As 2 .
152 In addition, some fantastic physical phenomena are observed in magnetic-element-doped systems, such as the quantum anomalous Hall effect in a chromium-doped TI, where the time reversal symmetry is broken, 153 and dilute ferromagnetism in dilute magnetic semiconductors and dilute magnetic oxides. 154 Therefore, doping or intercalation of a TI is naturally an interesting approach to exploring potential TSCs.
155

A. Doping of topological insulators
Bi 2 Se 3 is one of the most studied TIs. 89 Copper elements can be intercalated in the van der Waals gaps between Bi 2 Se 3 layers to obtain superconductivity, with T c = 3.8 K, in Cu x Bi 2 Se 3 , and the content of intercalated Cu is 0.12 ≤ x ≤ 0.15 in the samples prepared by the solid phase reaction. 110 The content of Cu in Cu x Bi 2 Se 3 synthesized by the electrochemical intercalation technique can be better controlled, and the superconducting shielding fractions are as large as ∼ 50%. 156 These interesting structures and physics immediately drew extensive attention. A full energy gap in the bulk superconductivity was observed by temperature-dependent specific heat 165 and STM measurements. 166 More intriguingly, ARPES measurements revealed the existence of nontrivial surface states. 167 The upper critical field data measured under various pressures are not consistent with the behavior of a weak coupling, orbital-limited, spin-singlet superconductor, suggesting a spin-triplet or an anisotropic spin-singlet state in Cu 0.3 Bi 2 Se 3 .
168 Moreover, an evident ZBP caused by Andreev bound states consisting of Majorana fermions was obtained with the 'soft' point contact technique. 169 All of these experiments indicate that Cu x Bi 2 Se 3 is a good candidate for time-reversalinvariant TSCs with massless Majorana fermions in the surface states.
12
More interestingly, nematic superconductivity has been observed in Cu x Bi 2 Se 3 , where the spin rotation symmetry is broken below the superconducting transition temperature. 170, 171 When an external magnetic field is applied to the hexagonal plane, two-fold symmetry of the Knight shift is detected by 77 Se NMR measurements below T c = 3.4 K in Cu 0.3 Bi 2 Se 3 , which possesses a three-fold rotational symmetry lattice. 170 This symmetry breaking behavior suggests a pseudo-spin-triplet state of Cooper pairs. Further measurements, such as specific heat, upper critical field 171 and STM measurements,
172
confirmed this spontaneous rotational symmetry breaking (RSB) superconductivity, which was named as a new class of nematic superconductivity with odd-parity pairing. 171, 173 Nematic superconductors in which spontaneous RSB exists in the amplitude factor of the superconducting gap are completely different from superconductors hosting spontaneous RSB in the phase factor of the superconducting gap, which can be observed by phase-sensitive junction techniques.
26
Bulk superconductivity with a large superconducting volume fraction (∼ 91.5%) has also been detected in Sr x Bi 2 Se 3 , which exhibits a maximum T c = 2.5 K when x ∼ 0.06, 157 and a higher T c of 2.9 K was found in an x = 0.1 sample.
111 Instead of Cu and Sr intercalation, niobium intercalation in Bi 2 Se 3 can enhance T c to 3.2 K, with a 100% superconducting volume fraction. 158 The intercalation of Cu in the interesting layer-structured TI (PbSe) 5 
B. Doping of topological crystalline insulators
Unlike TIs, TCIs exhibit topological properties that originate from crystal symmetries when SOC is not taken into consideration. 183 For example, gapless surface states in the TCI SnTe with the F m-3m space group are protected by the mirror symmetry of the crystal with respect to the {110} mirror plane. A gap in the surface states will open if the mirror symmetry is broken by an in-plane magnetic field.
184 Subsequently, ARPES measurements revealed a metallic Dirac-cone surface state in SnTe, 185 which was successfully confirmed as a TCI. When indium is doped into SnTe, superconductivity is observed in Sn 1−x In x Te for x > 1.7%, while the ferroelectric structural phase transition (at 95 K in SnTe) is completely suppressed for x > 4%. 162 T c is enhanced to 4.7 K at x = 0.4, and the Ginzburg-Landau parameter κ = 56.4(8) estimated from the upper and lower critical fields suggests a type-II superconductor. 163 A full superconducting gap in Sn 1−x In x Te has been established by thermal conductivity, 186 specific heat 187 and µSR measurements.
188 Intriguingly, PCS experiments on a x = 0.045 sample uncovered a large magnitude zerobias conductance peak, which was caused by the surface Andreev bound states.
189 High-resolution ARPES measurements indicate that the topological surface state is retained in Sn 1−x In x Te. 190 All of these data provide evidence for topological superconductivity in Sn 1−x In x Te.
Because of the hole-doped nature of SnTe, Pb doping can tune SnTe or SnSe to either n-type or p-type conductivity, and a large doping range may induce topological phase transitions. 184, [191] [192] [193] A topological phase transition indeed occurs in Pb 1−x Sn x Te at x = 0.25 from a trivial band insulator phase (PbTe) to a TCI phase (SnTe). 184, 191, 192 The analogous compound Pb 1−x Sn x Se also possesses a TCI state at x =0. 23, 193 and further transport experiments revealed its massive Dirac bulk states. 194 Moreover, interestingly, the indium substituted compound (Pb 0.5 Sn 0.5 ) 1−x In x Te displays superconductivity in the range of 0.1 < x <0.3, with maximum T c = 4.7 K. 164 The superconducting state is fully gapped without any in-gap states based on STM measurements.
195
Compared with the high pressure technique, the doping method can not only induce superconductivity in TIs or TCIs but also allow further experiments to confirm topological superconductivity with odd parity, such as PCS experiments to observe the ZBP, 169, 189 specific heat, 171 STM 172 or NMR 170 measurements to verify spontaneous RSB/nematicity, and ARPES measurements to detect gapless surface states. 167, 190 The doped TIs and TCIs hosting superconductivity are summarized in Table. II. A sketched phase diagram vs. doping concentration is plotted in Fig.1(a) , and topological phase transitions from a TI/TCI to a TSC are well tunable by doping. Therefore, Cu x Bi 2 Se 3 and Sn 1−x In x Te systems are promising TSCs.
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V. ARTIFICIAL STRUCTURES A. Gate-induced TSCs
Field-effect transistors (FETs) are the core of the gating technique, which can help induce superconductivity by modulating the carrier density of 2D materials.
196-198
Three types of gating methods are well developed, including those based on metal-insulator-semiconductor (MIS) FETs, 196 electric double layer (EDL) FETs 197, 198 and solid ion conductor (SIC) FETs. [199] [200] [201] [202] The limits of the carrier density in a 2D system modulated by the first two types are 2×10
13 cm −2196 and 1×10 15 cm −2 . 203 The SIC FET can contain Li + in the 2D material, and the amount of intercalated Li + can be comparable to the quantity of the base compound elements.
199 Therefore, these gating techniques can be used to study complex phase diagrams of 2D materials by controlling their carrier density.
With a gapless, massless and chiral Dirac spectrum, 204, 205 graphene can be tuned to a superconducting state when a 'magic' angle exists in twisted bilayer graphene. 206 T c = 1.7 K is observed when the 'magic' angle is 1.1
• . Through the tunability of the carrier density, the superconducting diagram exhibits similar characteristics to that of cuprates. Flat bands emerge in the band structure of twisted bilayer graphene, and a Mott-like insulator phase appears when the Fermi level is tuned at the half-filling of these flat bands, while two superconducting domes appear adjacent to this half-filling state. 206, 207 These experiments offer new insights into unconventional superconductors and quantum spin liquids. Moreover, theoretic predictions have been performed and indicate possible topological superconductivity in twisted multilayer graphene, 208 which can host spin triplet d + id order and topologically protected gapless edge states. Therefore, topological superconductivity in this system is worthy of further investigation.
Much progress has also been made in the FET experiments of topological semimetals. When the 3D type-II WSM WTe 2 is fabricated into a monolayer crystal, the hallmark transport conductance with approximately e 2 /h per edge is observed up to 100 K, indicating a quantum spin Hall state in monolayer WTe 2 .
209 If the carrier density in monolayer WTe 2 is tuned by moderat-ing electrostatic gating, then a quantum phase transition emerges with increasing gate voltage, and the quantum spin Hall state can transform into a superconducting state. 210, 211 The maximum T c is ∼ 1 K when the 2D carrier density is modulated to be more than 1 ×10 13 cm −2 . The in-plane upper critical field is much higher than the Pauli limit value. Such high H c2 could originate from various phenomena, such as Ising-type superconductivity, 197 a reduced electron g-factor, a spin-triplet pairing state, or strong spin-orbit scattering. 210, 212 The suppression of the helical edge states by the magnetic field through breaking of the time reversal symmetry seems to persist in the superconducting state, which implies nontrivial properties in monolayer WTe 2 , 211 although the pairing state requires more evidence.
Among these three FET methods, the MIS FET technique is the cleanest one, and only an external electronic field is applied to tune the carrier density, in contrast with EDL FET and SIC FET techniques. Therefore, in the next subsection on heterostructures or Josephson junctions, the MIS FET technique is widely used to control the Fermi level of heterostructures and thus modulate the superconducting state.
7,213 Therefore, gating techniques are very attractive for exploring TSCs among topological materials.
B. Nanowire/superconductor heterostructures
One effective approach to obtaining TSCs with Majorana fermions in artificial devices is placing semiconductor nanowires on an s-wave superconductor. Many similar proposals to detect MZMs in this type of heterostructure have been made. 7, 13, [214] [215] [216] The general experimental setup is as follows. First, the 1D semiconductor nanowire should exhibit large Rashba SOC, which can be regarded as a spin-orbital effective field B so ∝ p × E (where E is the electric field vertical to the nanowire, while p is the momentum along the nanowire). This B so is perpendicular to the nanowire and splits the parabolic band, which results in crossing of two spin-orbital bands at p = 0 (the red band and blue band), as shown in Fig.2 . Then, if an external magnetic field B is applied along the axis of the nanowire, a Zeeman gap 2E Z = gµ B B opens at this crossing point, where g is the Landé g-factor and µ B is the Bohr magneton. The proximity effect of the s-wave superconductor and the nanowire will change the band structure by inducing a superconducting gap ∆ ind at p = p F in the nanowire, marked by the yellow arrows. The s-wave superconductor can induce fully gapped superconductivity in the nanowire through the proximity effect. Then, the Zeeman gap at p = 0 can be modulated to control the topological phase of the nanowire by changing the external magnetic field B. A topological phase transition emerges at E Z = ∆ 2 ind + µ 2 , where µ is the chemical potential, as seen in Fig.2 . When E Z is less than ∆ 2 ind + µ 2 , the nanowire is actually a trivial superconductor similar to the proximate s-wave superconductor. Subsequently, with increasing E Z , the gap at p = 0 will be reduced to zero, and zero-energy bound states formed by Majorana states will appear at each end of the nanowire. Therefore, if E Z > ∆ 2 ind + µ 2 , the nanowire enters into a topological superconducting state.
13,217
The band evolution of a 1D nanowire coupled to an s-wave superconductor. First, the degenerate parabolic band of the 1D nanowire can split due to Rashba SOC. Then, the external magnetic field along the nanowire causes a Zeeman gap at the crossing point p = 0. Moreover, a superconducting gap ∆ ind is introduced in the nanowire at p = pF by the proximity effect of the s-wave superconductor, which is not shown in the figure. A different band structure can be obtained by tuning the value of the Zeeman energy EZ .
217
Following the above idea, Majorana bound states have been successfully observed in the heterostructure consisting of normal state (gold)-InSb-superconductor (NbTiN).
19 Semiconductor InSb nanowires possess strong SOC and a large g-factor (g ≈ 50). These characteristics greatly contribute to modulating the Zeeman gap 2E Z , which must be larger than the induced superconducting gap. The induced superconducting gap here is ∆ ind ≈ 0.25 meV, and the Zeeman gap E Z /B ≈ 1.5 meV/T. Therefore, when B > 0.15 T, a topological phase transition will occur because E Z begins to exceed ∆ ind . Majorana bound states have been experimentally observed at the boundary of the nanowire at B = 0.25 T. By varying the gate voltage, the chemical potential µ can be controlled to lower the critical B at which the topological phase transition emerges. In addition, with increasing angle between the nanowire and external magnetic field B, the ZBP originating from the Majorana fermion will finally disappear in the perpendicular case. The amplitude of dI/dV at the ZBP usually deviates from the theoretical value of 2e
2 /h at zero temperature 218,219 due to the finite measurement temperature, where h is the Planck constant and e is the electric charge.
The observation of MZMs has also been reported in a similar device with an Al-InAs heterostructure. 217 InAs is a semiconductor with large SOC and g ≈ 20. A small external magnetic field in this device is required to observe the ZBPs because the induced superconducting gap ∆ ind ≈ 0.05 meV is very small, which is related to the magnitude of the superconducting gap of the s-wave superconductor aluminum. In addition, the signature of MZMs can be detected in several other devices, such as InSb-NbTiN, 220 InSb-Nb 221 and InAs-Al heterostructures.
222
To avoid other effects, such as the Kondo effect 223 or the so-called '0.7 anomaly', 224, 225 which could also cause ZBPs in the conductivity measurements of ferromagnetic atomic chains on an s-wave superconductor, a radiofrequency/microwave technique was used for a.c. Josephson junctions (a Nb/InSb/Nb device) to detect edge states. 226 The conventional supercurrent is carried by charge 2e Cooper pairs, with a height of the quantized voltage steps (Shapiro steps) of ∆V = hf 0 /2e in the I-V curves, where f 0 is the frequency of microwave excitation. When a high magnetic field is applied, the height of the quantized voltage steps changes to hf 0 /e, indicating the appearance of charge e quasiparticles formed by two Majorana fermions in the supercurrent. Therefore, this doubling of the Shapiro steps is a characteristic signature of MZMs.
C. TI/superconductor heterostructures
The proximity effect in TI/superconductor heterostructures has also been employed as an effective method to induce MZMs. 10 Instead of a semiconductor nanowire/superconductor heterostructure, a device with a linear junction between two superconductors mediated by a TI was fabricated, and a 1D wire of Majorana fermions was engineered along the width of this junction. Various experiments have been performed to obtain evidence of Majorana fermions. [227] [228] [229] [230] [231] [232] [233] [234] However, detecting the feature of Majorana fermions is quite difficult. A very important experiment for this type of device is the observation of the Fraunhofer-type dependence of the critical current I c modulated by the magnetic field:
where Φ J is the flux through the effective junction area and I c (0) is the superconducting critical current at zero magnetic field. The usual 2π-periodic Josephson supercurrent oscillates with a periodicity of ∆B = Φ 0 /A (A is the area of the junction). However, a 4π-periodic Josephson supercurrent emerges (∆B = 2Φ 0 /A), suggesting the existence of MZMs.
233
This 4π-periodic Josephson effect was successfully obtained in the device fabricated with strained and undoped HgTe on a CdTe substrate, in which superconductor Nb electrodes were used. 22 The Shapiro steps V n = nhf /2e are observed in the I − V curves under high radiofrequency. The length of the current steps in the Shapiro steps presents a 4π-periodic behavior, which may be related to a p-wave superconductor due to a doublet of topologically protected gapless Andreev bound states. In a similar device of HgTe/HgCdTe quantum wells, helical edge states appear in the supercurrent distributions upon controlling the width of the device, and this quantum spin Hall effect provides another insight into TSCs. 24 Subsequently, another type of HgTe-based Josephson junction was fabricated to measure the radiofrequency emission spectra. The half Josephson frequency originating from the 4π-periodic gapless Andreev doublet around zero energy was confirmed in this device, although the coherence time of 0.3-4 ns was very short.
23
In another experiment, a superconductor was coupled to a thin film of a quantum anomalous Hall insulator to detect the chiral Majorana fermion modes, i.e., a superconductor Nb bar was fabricated on a (Cr 0.12 Bi 0.26 Sb 0.62 ) 2 Te 3 film. 235 An external magnetic field was applied to modulate the topological state of the device, and a half-integer plateau of the longitudinal conductance (e 2 /2h) was obtained. 
236
This isotropic superconducting gap structure is different from the bulk superconducting gap structure and may provide another route to realizing MZMs. Moreover, MZMs located in the vortex core in the Bi 2 Te 3 /NbSe 2 heterostructure have been successfully observed by STM measurements. 20, 21 To conclude, TI/superconductor heterostructures also offer a good device platform to realize realistic topological quantum computation.
D. Natural heterostructures
In addition to artificial heterostructures, some attempts have been made to synthesize natural heterostructures to realize TSCs. For such natural heterostructures, the samples are usually bulk single crystals. A good example of natural heterostructures whose TI features have been experimentally confirmed is (PbSe) 5 (Bi 2 Se 3 ) 3m (m =1, 2, ...). 174 As mentioned in the previous section, this compound can be viewed as the alternation of (PbSe) 5 layer units and (Bi 2 Se 3 ) 3 layer units. Bi 2 Se 3 is a TI, and PbSe is an ordinary insulator. The inversion sym-metry breaking at the interface of these two units will induce Rashba splitting of the topological surface state at m = 2. With increasing m, a topological phase transition occurs from a trivial phase at m=1 to a TI phase at m ≥2. When Cu is intercalated in the Bi 2 Se 3 units of this compound, forming Cu x (PbSe) 5 (Bi 2 Se 3 ) 6 , a superconducting transition emerges when the value x is between 0.3 and 2.5.
161 Unconventional superconductivity with a nodal gap and nematic superconductivity have also been observed, as mentioned in subsection A of section IV. Therefore, Cu x (PbSe) 5 (Bi 2 Se 3 ) 6 may be a candidate for TSCs with a nodal gap.
14 Although superconductivity exists in the Ag-doped (PbSe) 5 (Bi 2 Se 3 ) 3 (m=1) samples, with T c = 1.7 K, 238 no superconducting transition appears in the Ag-doped TI samples (PbSe) 5 (Bi 2 Se 3 ) 6 (m=2).
Other natural structures, such as misfit layer compounds, also exist. 239 Misfit compounds are a large family characterized by (MX) 1+y (TX 2 ) n (y = 0.08-0.28, n = 1, 2, 3), where M = Sn, Pb, Sb, Bi or a lanthanide; X = S, Se or Te; and T = Ti, V, Cr, Nb or Ta. Among these compounds, the TX 2 layer is usually a superconducting unit, and the MX layer can be regarded as a modulated structural unit. This interesting natural heterostructure could possess an abnormally large upper critical field, 240 which may originate from multiband effects or similar spin-valley locking in the 2D limit case. 197 The misfit compounds exhibit inversion symmetry breaking at the interface of the heterostructure, which may be accompanied by the Rashba effect in a strong SOC system, such as (PbSe) 5 (Bi 2 Se 3 ) 6 . These natural heterostructures lower the dimensionality of crystals, which could contribute to a large anisotropic upper critical field, such as in the 2D limit case of ion-gated MoS 2 241 and NbSe 2 242 bilayers. If the MX layer is composed of topological materials, such as the predicted monolayer TCIs SnTe, PbS, PbSe, and PbTe, 184, [243] [244] [245] [246] the proximity effect of the superconducting TX 2 layer may induce Majorana bound states 10 in the adjacent surface states of the TI layers, similar to those in the artificial TI/superconductor heterostructures mentioned in the previous subsection. Unfortunately, no experiments confirming the topological features in these misfit compounds have been reported.
E. Other artificial structures
Moreover, several other heterostructures to realize MZMs have been studied. The heterostructure of ferromagnetic atomic chains on an s-wave superconductor has been successfully fabricated, and ZBPs can be observed in these devices, which may be caused by the Kondo effect or disorder. 220, [247] [248] [249] [250] ZBPs at the boundary of the ferromagnetic atomic chain can be successfully detected in the artificial structure of magnetic atomic chains on the surface of an s-wave superconductor by means of a high-resolution spectroscopic imaging technique.
251
In other artificial structures, when quantum Hall edges are coupled with a superconductor, new excitations, such as non-Abelian anyons, will emerge, and nonlocal transport could possibly be used to detect Majorana fermions.
252
Subsequently, graphene/superconductor heterostructures have drawn attention because of the existence of a quantum Hall state in graphene. SOC in this junction is not necessary, while strong SOC is required in semiconductor or TI/superconductor junctions. 253 Topologically protected Majorana bound state exists and may be detected by Andreev spectroscopy and Fraunhofer pattern anomalies. Although many endeavors have been made, 253 further studies to realize topological superconductivity are expected.
VI. SUMMARY AND OUTLOOK
To summarize, research to discover and verify TSCs has become one of the most active fields in condensed matter physics due to the potential applications in fault-tolerant topological quantum computation. RuO 4 have not been detected, and little evidence to support the spin-triplet pairing state for UPt 3 has been found. Subsequently, research on topological materials became a hot topic, which opened up new horizons for exploring TSCs.
11,91 High pressure application is a relatively powerful method to induce superconductivity in TIs and semimetals, but the disadvantage of this technique is the difficulty of conducting further experiments to detect the pairing symmetry and gapless surface state. Therefore, the hard-tip contact method seems to provide a new approach to inducing superconductivity and simultaneously detecting the ZBP of gapless surface states.
The doping method offers an effective platform to study superconductivity in topological materials, and most experiments reveal the unique features associated with TSCs, such as spontaneous RSB, ZBPs, 170,171 and MZMs. 169 One of the application goals in studying TSCs is to realize topological quantum computation, and thus, many efforts have been made to fabricate devices. In this direction, the most progress has been made in probing MZMs in artificial heterostructures. 7, 14, 213 In addition, more approaches to finding TSCs, such as natural heterostructures, 161 gating-induced TSCs, 210, 211 or iron-based superconductors with nontrivial band structures, 254 are encouraged. The material systems with coexistence of topological bands and superconductivity, such as the layered compound PbTaSe 2 , 255,256 , have become promising candidate systems for TSCs. Recently, thousands of topological (crystalline) insulators and topological semimetals have been theoretically classified. [257] [258] [259] We believe that rapid development in the field of topological materials will greatly promote the investigation of topological superconductivity and motivate novel devices. 
